Recently, COMPTEL has detected γ-rays of 1157 keV from 44 Ti in the direction of the SNR RX J0852−4622 (Iyudin et al. 1998) . Since 44 Ti is a product of explosive nucleosynthesis and its half lifetime τ 1/2 is about 60 yrs, RX J0852−4622 must be a young supernova remnant and radiation is dominated by the ejecta rather than by interstellar matter. We have detected an X-ray emission line at 4.1 ± 0.2 keV which is thought to come from highly ionized Ca. The emission line is so far only seen in the north-west shell region of RX J0852−4622. The X-ray spectrum can be well fitted with that of thin hot plasma of cosmic abundances except that of Ca, which is overabundant by a factor of 8 ± 5. Assuming that most of Ca is 44 Ca, which originates from 44 Ti by radioactive decay, we estimate a total Ca mass of about 1.1 × 10 −3 M . Combining the amount of 44 Ca and the observed flux of the 44 Ti γ-ray line, the age of RX J0852−4622 is around 1000 yrs.
Introduction
A supernova (SN) explosion is a source of heavy elements in the Galaxy. The nucleosynthesized material inside the star is dispersed into interstellar space at relatively high temperature. In young supernova remnants (SNRs), there are many X-ray emission lines from highly ionized elements, which tend to be diluted when mixing with ambient interstellar matter.
There are two types of young SNRs from a morphological point of view: shell-like structures and those of center-filled morphology. There are also two types of young SNRs from the spectroscopic point of view: thin thermal emission and power-law type spectra. The Crab nebula, a young SNR, shows a center-filled structure with a power-law type spectrum. There is a neutron star, the Crab pulsar, in its center, which is the energy source of the SNR. There are more SNRs showing shell-like structures with spectra due to optically thin thermal emission, e.g. Cassiopeia-A, Tycho and Kepler's SNRs. The shell structure is the result of the interaction of the shock waves and corresponding shock-heating of the ambient plasma. This produces thin thermal emission including many emission lines. We note that the SNe of Tycho and Kepler have been witnessed and recorded in historical documents whereas there is no record of Cassiopeia-A which is estimated to be born late in the 17th century.
The remnant of the SN which occurred in AD1006, SN1006, is another young SNR. It shows a pronounced shell-like structure. Koyama et al. (1996) revealed that the spectra from the north-east and south-west regions of the shell are of power-law type while that from the interior is thin thermal emission.
They claimed that the shell region in SN1006 is a site of cosmic ray shock acceleration with energies of up to 200 TeV. Accordingly, the shell-like structure does not always stand for a thermally radiating SNR.
Cassiopeia-A, one of the young SNRs, is the first source from which γ-ray emission lines from 44 Ti have been reported (Iyudin et al. 1994 Iyudin et al. (1998) : it is located in the direction of the south-east part of the Vela SNR where Aschenbach (1998) discovered a new independent SNR, RX J0852−4622, which has a radius of 1 • .
The distance to this source is not clear while it is on the way to the Vela SNR that is 250 pc away (Cha et al. 1999) . Based on the X-ray and 44 Ti data, RX J0852−4622 is expected to be born several hundred yrs ago in a sky region which in principle could have been observed from China, and therefore some record in a historical document is expected if the SN was of standard brightness. However, if it were sub-luminous the event might have been missed by the contemporaries (Aschenbach et al. 1999) . So far, no record has been found, which reminds us of some similarity with Cassiopeia-A. We note that quite recently a footprint of a historical SN has been found in terms of nitrate abundance in Antarctic ice cores (Burgess & Zuber 1999 ). The associated SN would have occurred around 1320 ± 30 yrs.
We have observed RX J0852−4622 with ASCA on December 21-24, 1998 as a TOO target. This observation was performed with the two CCD cameras (SIS) (Yamashita et al. 1997 ) and the two imaging gas scintillation proportional counters (GIS) (Makishima et al. 1996) which are placed at the focal plane of four thin-foil X-ray mirrors (Serlemitsos et al. 1995) on board the ASCA satellite (Tanaka et al. 1994) .
In this paper, we concentrate on the emission from the north-west bright shell region. The entire remnant will be reported elsewhere.
Observation and Data Screening
The observation was performed in 7 pointings so that we could cover the entire remnant with the GIS. Figure 1 shows the GIS field of view (FOV) superimposed on the ROSAT all-sky survey image (Aschenbach et al. 1999) . We should note that we did not cover the south bright shell region. The observational log is shown in table 1. We excluded all the GIS data taken at elevation angle below 5
• from the night earth rim and 25
• from the day earth rim, a geomagnetic cutoff rigidity lower than 6 GeV c −1 , and the region of the South Atlantic Anomaly (SAA). We also applied a "flare-cut" to maximize the signal-to-noise ratio described in Ishisaki et al. within the frame work of ASCA ANL (Ishisaki Y. et al, 1997, ASCA News letter, No.5 ) . In this way, the effective exposure time is 76ksec after the data screening. We constructed three kinds of images for the GIS data set: a total count image, a non-X-ray background image, and a cosmic X-ray background image. As shown in table 1, the GIS bit assignments are slightly different from pointing to pointing, the binsize of coordinates is different.
We redistributed events in each binning area with a Poisson random number to make images having the same dimensions. The non-X-ray background image was generated with the H02-sorting method in DISPLAY45 (the detailed description of this method is in Ishisaki (1996) ). The image of the cosmic X-ray background was extracted from the Large Sky Survey (LSS) data observed during the ASCA PV phase (Ueda et al. 1999) . We also extracted the non-X-ray background image from the LSS data to produce the mean cosmic X-ray background image solely. Thus, we extracted background-subtracted GIS images in the energy band of 0.7 − 10 keV as shown in figure 2. We can find a well-defined shell structure and a compact point-like source at the geometrical center of the X-ray shell.
In the case of the SIS data analysis, we excluded all the data taken at elevation angle below 5
• from the night earth rim and 30
• from the day earth rim, a geomagnetic cutoff rigidity lower than 6
GeV c −1 , the region from 128s before entering the SAA to the end of the SAA, and the period of 120s
at the day-night change of the satellite. After the screening, the total exposure time is 59 ks. We, next, manually removed the time region where we could see a sudden change in the light curves of the corner pixels of X-ray events. Then, we removed the hot and flickering pixels and corrected CTI, DFE, Echo effects, and RDD (T. Dotani et al. 1995, ASCA News Letter 3, 25; T. Dotani et al. 1997, ASCA Letter News 5, 14) in our data sets. We employed the calibration file of sisph2pi 110397.fits for CTI corrections. For RDD corrections, we need to look for the frame data obtained near to the epoch of our observation. Therefore, we picked up rdd9812 s[0 or 1]c[0, 1, 2, or 3]m2 t0 60.fits for RDD corrections retrieved from the Goddard Space Flight Center anonymous ftp site.
Spectrum Analysis
The GIS observation shows a shell-like structure similar to that obtained with ROSAT. Its X-ray spectrum is almost uniform in spectral shape over the remnant, consisting of two components: a power-law component with a photon index, Γ, of ∼ 2.5 and thin thermal emission of electron temperature, kT e , of 4 0.07 − 0.21 keV. The X-ray spectrum from the entire region is shown in figure 3 . RX J0852−4622 overlaps with the Vela SNR that emits thin thermal emission with kT e of about 0.17 keV. This value is very close to that of the low temperature component seen in RX J0852−4622. Furthermore, we find the intensity of this component to be very similar to that appeared in the Vela SNR component around RX J0852−4622.
We assume that the low temperature component seen in RX J0852−4622 is background emission from the Vela SNR. Therefore we can expect that the emission from RX J0852−4622 is predominantly of the power-law type originating from a shell-like region.
The SIS can cover only the central region of each GIS FOV. Among them, the spectrum of the bright north-west shell clearly shows features which differ from those observed elsewhere as shown in We fitted the SIS spectrum of the north-west shell with a two-component model. First of all, we employed a low kT e thin thermal emission model with cosmic abundance (mekal) in order to represent the emission from the Vela SNR. We then added another component for the emission from RX J0852−4622 described below. The neutral hydrogen column density, N H , of two components were set to be equal as one free parameter.
We applied a thermal bremsstrahlung model for the emission from RX J0852−4622 proper, but we could not obtain an acceptable fit as shown in model-1 of table 2. The big discrepancy between data and model is found around 4 keV. We thus added a Gaussian component to reproduce the structure around 4 keV (model-2). In this fitting, we fixed sigma of Gaussian to be 0. Then, χ 2 is improved by ∼ 10 compared with the model-1 shown in table 2. If we apply the F-test, the significance level of an additional 4 keV line is ∼ 99%. The line center energy is 4.1 ± 0.2 keV and flux is (5 ± 2) × 10 −5 counts s −1 cm −2 over the SIS FOV.
We then employed the thin thermal model with variable cosmic abundance (vmekal) (model-3).
Free parameters are kT e , the normalization of two thermal emission components, the abundances of Si, S, and Ca of the high kT e component, and N H . Abundances of the other elements are fixed to cosmic values. This model is acceptable at 90% confidence level. The Ca abundance is 8± 5 times larger than the cosmic value. The absolute value is less meaningful since it strongly depends on the applied model and other model parameters. However, the relative abundances among the elements are relatively robust. As shown in table 2, the Ca abundance is 11 times and 40 times larger than those of Si and S, respectively.
If we employ a thin thermal model with nonequilibrium collisional ionization (NEI) (Masai 1984; Masai 1994) , kT e increases while the metal abundances do not change within the statistical uncertainties as shown in table 2 (model-4).
Discussion
There are some candidates for the 4.1±0.2 keV emission line from an astrophysical point of view.
If it is a characteristic X-ray line, it must be either from neutral Sc-K or a helium-like Ca-K emission line. From the cosmic abundance point of view, it is very implausible that it comes from Sc. If it comes from shock-heated matter, it is plausible that it comes from Ca at high temperatures. If this is not the case, it can be either a red-shifted Fe-K line from an AGN or a cyclotron emission line from a strongly magnetized neutron star. Since the line emission region is quite extended judging from the ASCA image, none of the hypotheses of a point-like source is very likely.
The overabundance of Ca can be a result of an overabundance of 44 Ti which is produced only in the SN explosive nucleosynthesis process. It is mainly produced deep in the interior of the star, both in a type Ia and type II SNe. In the following we assume that the ejecta containing 44 Ti are uniformly expanding into ambient space. In the early phase of the SNR evolution, the major part of the emission does not come from the shock heating process but comes from accelerated and decelerating particles, which produce a power-law type X-ray spectrum. In the north-west bright shell region, the ejecta might have recently collided with an interstellar cloud forming shock-heated thermal plasma, which is the source 6 of the Ca emission line.
The expanding ejecta happen to hit the interstellar cloud at the north-west shell. The ejecta expanding along other directions should also contain similar amounts of Ca but they may not yet been shock-heated, so that just the power-law type spectrum prevails with no emission lines. We note that there is another bright shell region in the south, which we did not observe in our ASCA observations.
Based on the emission line detected, we can estimate the total amount of Ca. The north west bright shell region is about 11 square where we detected the emission line. We assume that the depth of this region is as equal to the width. Assuming that the filling factor of this region is unity, we find that the plasma density in this region is (0.9 ± 0.1)(D/200 pc) −0.5 H cm −3 where D is the distance to the source, resulting a total mass to be 5.4 × 10 −3 M . Then, we can evaluate the total mass in all directions assuming spherical symmetry. In this way, we obtained the total amount of Ca, M Ca , contained in RX J0852−4622 to be 1.1 × 10
where A is the abundance of Ca. We assume that all the 44 Ca is in the shell region but only that fraction expanding towards the north-west shell is actually shock-heated and visible in the Ca line.
The major isotope of Ca on Earth is 40 Ca while the fraction of 44 Ca is about 2 × 10 −2 (Anders & Grevesse 1989) . Assuming that the other isotopes of Ca are produced with the abundances similar to the terrestrial values, 44 Ca, the product of 44 Ti, should be heavily over-abundant, and we expect that almost all the Ca detected must be 44 Ca.
Based on the theoretical models of Nomoto et al. (1984) and Thielemann et al. (1996) , type II SN can produce Ca of 5×10 −3 M , of which value slightly depends on the progenitor star mass, whereas type I SN can produce 1.2 × 10 −2 M . Since we do not know whether we have detected all Ca in RX J0852−4622, it is inappropriate to compare our results with those of the model calculations. In both cases, the mass ratio of Ca to Si is less or similar to that of the cosmic value. These models cannot explain the overabundance of Ca. Whereas these models assume the point symmetric explosion, asymmetric explosions can produce large metal abundance anomalies (Nagataki et al. 1997) , which may explain the overabundance of Ca. If we assume that most of Ca comes from 44 Ti, we can estimate the age, t, of RX J0852−4622 using the observed flux, F , of the 1157 keV γ-rays. We obtain t/τ 1/2 = 16 − log 2 (Shigeyama et al. 1988) . Therefore, the age of RX J0852−4622 is likely to be closer to 970 yrs rather than 630 yrs.
Conclusion
We observed the SNR, RX J0852−4622, that is the 44 Ti γ-ray source. It is towards the direction to the Vela SNR that is 250pc away from us. Based on the spectral analysis, the apparent spectrum from the entire remnant consists of two components; one is a power-law component and the other is thermal emission coming from the Vela SNR.
In the north-west bright shell, we have detected an emission line feature. This feature is only seen by the SIS over a small fraction of the remnant. The line center is 4.1 ± 0.2 keV which is interpreted as an emission line from highly ionized Ca. We find that the Ca abundance in this region is about 8 ± 5
times that of the cosmic value while the other elements are subcosmic.
If the Ca abundance anomaly mainly comes from the overabundance of 44 Ca that is produced from 44 Ti, we can evaluate the age of this source using the flux of the 44 Ti γ-rays. Since we cannot distinguish among the Ca isotopes, the age estimate is between 630 yrs and 970 yrs. If the Ca isotopes except 44 Ca are produced at cosmic abundance levels, the age is 970 yrs.
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